Abstract Onsite sewage treatment is growing in diversity, and in regulatory control across Australia. This is occurring for both blackwater and greywater treatment, as the drought impact deepens and more of the community are exposed to options for 'managing' their own water. Regulators in each State are drafting and implementing Guidelines to cover a range of on-site system scenarios. In addition, more and more decentralised options are being tendered for sewage management in the commercial world. In this project we aim to use novel molecular tools, in combination with traditional physical/chemical/biological methods, to understand onsite treatment in a more detailed manner. The system tested is a new peat based biofilter which can be used for greywater or blackwater application, and can be retrofitted to current sewage systems. This project has been based on the AquaReuse greywater system for demonstration purposes, showing the strength of the information gained from the use of novel tools. The two systems investigated are installed at a caravan park in New South Wales (NSW) and a domestic residence in Tamborine, Queensland (QLD). A 20-week intensive sampling and analysis program was followed. The project monitored standard analytes such as biochemical oxygen demand (BOD 5 ), suspended solids (SS) and thermotolerant coliforms (TC). Additionally, we studied the biological community using fluorescent in situ hybridisation (FISH) on a monthly basis and fullcycle ribosomal RNA analysis (rRNA) for one sample to assess the biological community inhabitants. rRNA analysis at the NSW facility demonstrated a highly diverse biological community, in keeping with its long established operating period. In contrast, FISH analysis at the QLD installation showed a less diverse and younger community. rRNA and FISH identified organisms that are mostly associated with nutrient removing functions.
Introduction
Molecular based analytical procedures have to date mostly been used for pure culture, laboratory based, research studies. Rarely have they been applied to real environmental samples. In our study, we promote their use for industry study, demonstrating the valuable information obtained to understand, monitor and improve process performance.
The AquaReuse process includes peat based biological and synthetic membrane filters as primary and secondary series filters, a primary sump, intermittent regular feed to secondary filter, UV disinfection, and effluent storage . This manufacturer provided access to test sites for monitoring, and thereby represents our demonstration process type. The system is treating domestic greywater, including kitchen sink, laundry, shower, bath and sink sources.
The test sites
AquaReuse has installed a number of test sites for accreditation and research and development purposes across Australia. These systems are located at a residence in Katoomba NSW, a caravan park in NSW, and a residential property in Tamborine, Queensland .
The caravan park test facility in NSW treats up to 900 Ld 21 of domestic character greywater including kitchen sink, laundry, bathwater, showers and sinks (Figure 1 ). The site was commissioned in October 2004 and has been routinely tested since that time. The biological community includes worms, bacteria, fungi, and macroinvertebrates ( Figure 2 ). The Tamborine facility is located at a domestic dwelling that services two adults, one child and one toddler. It treats around 300 to 500 Ld 21 and has been operating since March 2005. Figure 3 illustrates the installation, where the biological layers of the process units are clearly labelled as 1 to 4. The facility is enclosed in an insulated shed, and treated greywater is reused for irrigation purposes.
Sampling
Sampling of water was conducted by onsite operators at the NSW and QLD facilities, both of whom had been trained and audited by Ecowise staff. Each sample was placed into an appropriately preserved and labelled jar (500 mL plastic, thiosulphate). Samples were couriered on ice for delivery to the Ecowise laboratory for analysis within 24 hours. Sampling of biofilm for molecular analysis was conducted by University of Queensland (UQ) resources, and at times by the onsite staff trained by UQ people. Figure 4 demonstrates this sampling method.
Analysis Standard analysis
Thermotolerant coliforms (TC) were analysed using membrane filtration, APHA9222 D. Escherichia coli was analysed following TC, using the indole test. Results are reported as colony forming units per 100 mL sample (cfu/100 mL). rRNA Phylogenetic analysis rRNA analysis is used to access all genomic material available in a sample matrix. The steps below were followed. 1. Utilising FastDNA SPIN Kit for Soil, DNA extraction was performed on sample 31/3/05, Cell Two, Jervis Bay to determine if genomic material was present. Two different quantities of sample were used, 250 mg and 500 mg to ensure sufficient DNA volume was obtained. A favourable result was gained with a large quantity of DNA existing within both peat samples. 2. Polymerase chain reaction (PCR) amplification of the above DNA 250 mg sample was then performed using universal bacterial primers: 27f and 1492r in order to amplify 16S genes. Thermal profile for amplification included 30 cycles of denaturation at 94 8C for one minute, primer annealing at 48 8C for one minute and primer extension at 72 8C for a period of two minutes. 3. Once screened for the 16S rRNA gene, clone ligation was then performed utilizing the pGEM-TEasy vector and subsequently transformed using E. coli cells. 4. PCR was then carried out using the plasmid specific primers of SP6 and T7. This allowed for the screening of clones in order to ascertain positive identification of 16S rRNA clones. 5. Digestion using the MspI restriction enzyme was then performed on clones positive for 16S that allowed for restricted fragment length polymorphism (RFLP) analysis. 6. Selected clones where then partially sequenced using primer 530f, and BLAST used to search for closely related sequenced relatives.
FISH analysis
Aliquots of samples were stored in 4% paraformaldehyde (PFA)/PBS mixture for approximately 1-3 hours. Following this, samples were resuspended and washed three times in PBS solution to finally be placed in a PBS/98% EtOH solution (1:1, v/v) and stored at 2 20 8C until hybridisation was performed. As samples proved to contain a large amount of auxiliary matter, it was required that a pipette tip be cut (approximately 10 mm from end) to allow adequate sample collection required for FISH. FISH was then carried out utilising the oligonucleotide probes of EUBMix (EUB338, EUB338-II and EUB338-III, specific for all Bacteria, Amann et al., 1990), BET42a (Betaproteobacteria, Manz et al., 1992) , GAM42a (Gammaproteobacteria, Manz et al., 1992) and LGC354 (Low G þ C Gram positive bacteria, Meier et al., 1999) . All probes were commercially synthesized with one of the sulfoindocyanine dyes, indocarboncyanine (Cy3) or indodicarbocyanine (Cy5) by ThermoHybaid (Interactivsa Division, Ulm, Germany).
After FISH, samples were observed and images collected using a BioRad Radiance 2000 confocal laser-scanning microscope (CLSM). rRNA data is summarised in Table 1 for the NSW site (Plates A, B and C representing selected clones). Overall, a very diverse community was observed with 86 ordered taxonomic units (OTUs) being recognised. It was noted that a few dominant groups were present within the clone library, however, when sequenced and entered into BLAST, each of the selected clones within the particular OTU groups proved to be dissimilar organisms. It is anticipated that these remaining clones within these dominant groups will be later sequenced and BLAST used to identify relatives.
Standard analysis at Tamborine site, QLD
TC and E. coli were routinely monitored for influent, secondary and effluent samples. Figure 5 shows the TC data over process units. It can be seen that successful removal of bacteria occurs, and that effluent quality is generally high. Both FISH and FRNA phage work was conducted at the Tamborine site. It was noted that the dominant organisms observed in April 2005 were that of the Alphaproteobacteria. They were present within cells 1-3 in large abundance. However, alpha cell quantities decreased within cell 4. This was also the case for Betaproteobacteria, however, the latter were found not to be present in cell 3. Minimal numbers of Gammaproteobacteria were observed within cells 1-4, while no low G þ C gram positive (LGC) classified bacteria were detected. This all suggests a very immature ecology is present. Figure 6 graphically compares these data with that found for the more mature sample dated June 2005, showing bacteria type across time and cell unit. It can be seen that a more diverse ecology has developed during the six weeks between sampling events, with less 
